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ABSTRACT
Precursor emission has been observed in a non-negligible fraction of gamma-ray bursts, the time gap
between the precursor and the main burst extending up to hundreds of seconds in some cases, such as
in GRB041219A, GRB050820A and GRB060124. We have investigated the maximum possible time
gaps arising from the jet propagation inside the progenitor star, in models which assume that the
precursor is produced by the jet bow shock or the cocoon breaking out of the progenitor. Due to the
pressure drop ahead of the jet head after it reaches the stellar surface, a rarefaction wave propagates
back into the jet at the sound speed, which re-accelerates the jet to a relativistic velocity and therefore
limits the gap period to within about ten seconds. This scenario therefore cannot explain gaps which
are hundreds of seconds long. Instead, we ascribe such long time gaps to the behavior of the central
engine, and suggest a fallback collapsar scenario for these bursts. In this scenario, the precursor
is produced by a weak jet formed during the initial core collapse, possibly related to MHD process
associated with a short-lived proto-neutron star, while the main burst is produced by a stronger jet
fed by the fallback disk accreting onto the black hole resulting from the collapse of the neutron star.
We have examined the propagation times of the weak precursor jet through the stellar progenitor. We
find that the initial weak jet can break out of the progenitor in a time less than ten seconds (a typical
precursor duration) provided that it has a moderately high relativistic Lorentz factor Γ & 10. The
longer (∼ 100 s) time gap following this is dictated by the fall-back timescale, which is long enough
for the exit channel to close after the precursor activity ceases, allowing for the collimation of the
main jet by the cocoon pressure as it propagates outward.
Subject headings: gamma rays: bursts— radiation mechanisms: non-thermal
1. INTRODUCTION
Weak, softer precursor emission, occurring from several
seconds to hundreds of seconds before the main gamma-
ray pulse, is occasionally detected in long gamma-
ray bursts (GRB). Often there is almost no emis-
sion detectable in the time gap between the precur-
sor and the main event. The earliest detections of
precursor events were made with the Ginga satellite
(GRB900126, Murakami et al. 1991). Since then, pre-
cursors have been found in many bursts, e.g. by Bep-
poSAX (e.g. GRB011121, Piro et al. 2005), HETE2 (e.g.
GRB030329, Vanderspek et al. 2004), INTEGRAL (e.g.
GRB041219A, Mereghetti et al. 2004) and Swift (e.g.
GRB050820A, Cenko et al. 2006; GRB060124, Romano
et al. 2006; GRB061121, Page et al. 2007). Lazzati
(2005) analyzed a sample of bright, long BATSE burst
light curves in the 200 s period before the detection of the
GRB prompt emission, and found that a sizable fraction
(∼ 20%) of them show evidence for gamma-ray emission
above the background between 10 to ∼ 200 s (the limit of
the investigated period) before the main burst. The pre-
cursors are typically characterized by non-thermal spec-
tra which tend to be softer than the main burst, and con-
tain from 0.1% to a few % of the total event counts. For
some bursts with known redshifts, the isotropic energies
of the precursors are determined, which can be as large as
Eiso ≃ 5× 1051erg for GRB060124 (Romano et al. 2006;
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Misra et al. 2007). The time gap between the precur-
sors and the main events ranges from several seconds to a
few hundreds of seconds (e.g. 200 s for GRB041219A and
GRB050820A and 570 s for GRB060124 in the observer
frame).
Theoretical models for precursors have been proposed,
relating it to the breakout of the main GRB jet. As sug-
gested by Ramirez-Ruiz et al. (2002a) and Waxman &
Me´sza´ros (2003), when the jet is making its way out of
the stellar mantle, a bow shock runs ahead and a strong
thermal precursor is produced as this shock breaks out4
. In this model, as usual, the main gamma-ray burst is
produced when the internal shock occurs at some radius
Rγ , the delay time between precurosr and main burst
being ∆t ≃ Rγ/2Γ2c, where Γ is the Lorentz factor of
the jet. Since the bursts with a precursor also display
significant & MeV emission, similarly to other typical
long bursts, their bulk Lorentz factors must be likewise
Γ & 100 (e.g. Baring & Harding 1997; Lithwick & Sari
2001), hence the typical delay ∆t is less then a second
for the typical internal shock radii Rγ ∼ 1012 − 1014cm
(see Me´sza´ros (2006) and Zhang (2007) for a recent re-
view). Since the variability timescale is also Rγ/2Γ
2c,
this scenario would imply a gap timescale comparable to
the variability timescale, which is clearly not the case.
Morsony et al. (2007) investigated the jet propagation
through the star with an elaborate numerical simulation
and identified three distinct phases during the evolution,
i.e. the precursor phase, the shocked jet phase and the
4 A non-thermal component could also arise during shock break-
out, due to the repeated bulk Compton scattering of shock break-
out thermal photons by the relativistic ejecta driving the shock
(Wang et al. 2006).
2unshocked jet phase. They find that a high-pressure co-
coon, formed as the sub-relativistic jet head makes its
way out of the star, is released when the head of the
jet reaches the stellar surface (which can produce a pre-
cursor, Ramirez-Ruiz et al. 2002b). Within the frame-
work of this model, an observer which is located at small
viewing angles would be expected to see first a relatively
bright precursor, then a gap phase during which there is
little emission, and finally a bright GRB phase when the
unshocked jet reaches the radius of the stellar surface.
In §2, we consider first a precursor model such as dis-
cussed above, which based on time delays associated the
same jet giving rise both to the precursor and to the main
burst event. We show that the shocked jet phase could
not last much longer than ∼ 10 s, due to the fact that
once the jet head reaches the stellar surface, a rarefaction
wave will form which propagates back into the shocked
jet component, decreasing the pressure in the shocked jet
significantly, and as a result, the jet attains its ultimate
relativistic velocity. Hence, the propagation time taken
by the unshocked jet to reach the stellar surface will be
limited to ∼ R⋆/c, which is only from a few seconds to
ten seconds for Wolf-Rayet progenitors of long GRBs,
where R⋆ is the stellar radius of the progenitor. Thus
it appears that this model has difficulties in explaining
the ∼ 100 s long gaps seen in some GRBs. In §3 we then
suggest that hundreds of seconds long gaps could arise in
a fallback collapsar scenario, or in a “type II collapsar”
scenario (MacFadyen et al. 2001). We argue in such sce-
narios that an initial weak jet, which is still able to break
out through the star, produces the precursor, while the
main burst is produced by a subsequent more energetic
jet, fed by accretion of the fallback gas. The initial jet
that produce the precursor must be weak enough as not
to disrupt the star, so that a fallback disk can still form
later. In §4, we study whether a weak jet can propagate
out of the progenitor within the duration of the precur-
sor. The formation mechanism for the precursor jet is
considered in §5. A summary of the results is given in §6
2. JET DYNAMIC INSIDE THE STAR AND AT THE
BREAKOUT
In the collapsar model (Woosley 1993; Paczyn´ski 1998;
MacFadyen & Woosley 1999) , GRBs are caused by rela-
tivistic jets expelled along the rotation axis of a collaps-
ing stellar core. The relativistic jets are due to a black
hole or a neutron star accretion disk after the iron core
of the massive star progenitor collapses.
As the jet advances through the star, it drives a bow
shock ahead of itself into the star, and at the same time
the ram pressure of the shocked gas ahead of the jet
drives a reverse shock into the head of the jet, slowing
the jet head down to a sub-relativistic velocity. Thus
there are three distinct regions: 1) In front of the contact
discontinuity between the jet and the stellar gas, there
is a thin layer of shocked stellar gas moving ahead with
a sub-relativistic velocity ∼ vh into the star; 2) behind
the contact discontinuity, there is a shocked jet region,
where the relativistic jet with Γj ≫ 1, is slowed down
to a velocity ∼ vh by the reverse shock, and 3) the un-
shocked jet, whose bulk Lorentz factor behaves as if it
were a free jet, i.e. at lower radii the gradual conver-
sion of its internal energy into kinetic energy results in
Γj = Γ0(rθj/r0θ0), until a saturation radius at which it
reaches its asymptotic value. Here θj is the opening angle
of the jet at radius r and Γ0 and θ0 are, respectively, the
initial Lorentz factor and opening angle at the injection
radius r0.
Let us first consider the scenario in which the precur-
sor is related to the jet breakout (e.g. Ramirez-Ruiz et
al. 2002a,b; Waxman & Me´sza´ros 2003; Morsony et al.
2007). In this scenario, the precursor is produced by the
bow shock emission or the cocoon emission when the jet
head breaks out of the the stellar surface. After this, the
shocked jet phase emerges, which, according to Morsony
et al. (2007), may have a relatively small opening angle
for ultra-relativistic material due to that the mixing of
the shocked jet with stellar material lowers its terminal
Lorentz factor, so that an observer locating at a mod-
estly larger viewing angle would see a dark phase. The
relativistic reverse shock may be located well below the
stellar surface at the time when the jet head has just
reached the surface. One may think that this dark phase
could last long enough, if the shocked jet material moves
with a low velocity. However, once the jet head reaches
the stellar surface, the pressure in front of the jet head
decreases suddenly and a rarefaction wave will form and
propagate back into the shocked jet material at the speed
of sound. The speed of sound in the shocked jet plasma is
relativistic, cs = c/
√
3, even if the head velocity vh ≪ c.
When this rarefaction wave arrives at the reverse shock,
the pressure of the shocked jet material also drops and it
can no longer decelerate the fast unshocked jet. Suppos-
ing the reverse shock is located at a position well below
the stellar surface when the jet head reaches the stellar
surface, the width of the shocked jet is ∆ . R⋆, and
the time that the rarefaction wave takes to arrive at the
reverse shock is t1 = ∆/cs . R⋆/cs = 6R⋆,11 s. A new
system of forward and reverse shocks will form, and the
rarefied shocked jet plasma is accelerated to relativistic
velocity with a Lorentz factor
Γh2 = Γh1[4Γh1(1 + cst/∆)
3]1/4 (1)
where Γh1 is the Lorentz factor of the shocked jet before
the rarefaction wave propagating back (see Eq.(15) of
Waxman & Me´sza´ros 2003). Even for a sub-relativistic
velocity Γh1 ≃ 1, the rarefied shocked jet is accelerated to
relativistic velocity with Γh2 & 2 after a time of t1. The
unshocked jet then takes a time of t2 ≃ R⋆/c = 3R⋆,11 s
to reach the stellar surface. Supposing that the internal
shock occurs at Rγ where it produces the burst emission,
the additional delay relative to the precursor emission is
t3 = Rγ/2Γ
2c. Therefore the total gap period between
the precursor and the main burst would be only
Tgap = t1 + t2 + t3 ≃ 10R⋆,11 s. (2)
3. FALLBACK COLLAPSAR SCENARIO
The above described difficulty in interpreting long
(∼ 100 s) precursor gaps through a single jet breakout
makes it necessary to explore a more promising model.
Here we put forward a model where the gap is related to
the central engine activity, where the precursor is pro-
duced by a first weak relativistic jet launched before the
main jet. The ∼ 100s long gap is remiscent of the natural
timescales calculated numerically in the fallback collap-
sar (type II collapsar) model (MacFadyen et al. 2001),
where the fallback disk forms minutes to hours after the
3initial core collapse5. In this scenario, the collapse of
the iron core initially forms a proto-neutron star and
launches a supernova shock. However, this shock lacks
sufficient energy to ejecta all the matter outside the neu-
tron star, especially for more massive helium cores, be-
cause the gravitational binding energy of the helium core
increases with mass roughly quadratically, while the ex-
plosion energy decreases (Fryer 1999). If the explosion
energy is lower than 1051erg, as the supernova shock de-
celerates while it travels outward, some of the expanding
material can decelerate below the escape velocity and
falls back.
During the initial collapse, it is possible that a weak
jet with an energy, say, a few times 1050erg is formed
by some MHD process in the collapsed core, or propeller
effect by the proto-neutron star, etc. (e.g. Wheeler et
al, 2000). If such a jet is weak enough so as not to im-
mediately disrupt the star, a fallback accretion disk can
form in the core on a fallback timescale which can launch
a stronger jet producing the main burst. We argue that
such weak jets may be responsible for precursors with
non-thermal spectra, through internal dissipation such
as internal shocks or reconnection, after they exit the
stellar progenitor. The non-thermal spectrum is consis-
tent with the observed ones from most GRB precursors
(e.g. Lazzati 2005; Cenko et al. 2006; Romano et al.
2006; Page et al. 2007).
After a time ∼ 100 s following the initial collapse, in
the case of a weak supernova, enough gas has fallen back
for the neutron star to collapse to a black hole. Gas
that continues to fall back with sufficient angular mo-
mentum will settle into a disk (MacFadyen et al. 2001).
The black-hole accretion disk system may then produce
stronger jets which, through neutrino annihilation or
MHD processes (e.g. Blandford-Znajek mechanism), can
power the main burst event.
4. JET PROPAGATION THROUGH THE STELLAR
PROGENITOR
We investigate now whether a weak precursor jet of
luminosity Lj ∼ 1049ergs−1 lasting for ∼ 10 seconds
(the precursor duration) can break out of the star. Pre-
vious analytic studies on the jet dynamic inside the
star and the jet breakout time have been done by, e.g.
Me´sza´ros & Rees 2001; Ramireez-Ruiz et al. (2002b);
Matzner (2003), Lazzati & Begelman (2005) and Toma
et al. (2006). As recently found by Woosley & Zhang
(2007) in the simulation of jet propagation through the
star, a lower-energy jet may take longer time to break out
of the star. A jet with a lower Lorentz factor may also
take longer time, while at present there is no constraint
yet on the Lorentz factor of the precursors jets as their
spectra do not display significant & MeV emission. Since
the precursor lifetime is usually only about ten seconds
and the breakout time must be shorter than this (other-
wise the jet will be chocked), it is not obvious whether
it can really break out of the star or not. We will show
below that, for a low-energy jet to be able to break out
of the star in a time shorter than the precursor duration,
it must have a moderately high asymptotic Lorentz fac-
tor, η = L/M˙c2 & 10. The asymptotic Lorentz factor of
5 Cheng & Dai (2001) suggested a similar, “two-step” jet model,
which attempts to solve the baryon contamination problem in the
hypernova model of GRBs.
this weak precursor jet can however still be lower than
that of the typical main GRB ejecta, which is character-
ized by η > 100, and this could account for the softer
spectrum of the precursor compared to the main burst.
Phenomenological relations between the energy (or lumi-
nosity) and the spectrum of the burst have been found
by e.g. Amati et al. (2002) and Yonetoku et al. (2004),
in which a lower energy (or luminosity) burst tends to
have a lower peak energy, hence a softer spectrum.
4.1. jet crossing time
The jet head velocity is given by the longitudinal bal-
ance between the jet thrust and the ram pressure of ma-







= 7× 109r1/211 L1/2j,49θ−1j,−2 cms−1
(3)
where θj is the opening angle of the jet while propagating
inside the star, whose value will be derived below, and
ρ is the stellar density at radius r. The presupernova
density profile is assumed to be roughly described by
ρ ∝ r−3 out to the edge of the He core at r = 1011cm
(MacFadyen et al. 2001), at which point we take the
density to be ρ = 1 gcm−3. The total time taken by













j,49 θj,−2 s (4)
where α > 1 is an integrating factor over r (discussed af-
ter Eq.(10)). While the jet is propagating inside the star
with a sub-relativistic velocity, a significant fraction of
jet “waste” energy is pumped into the cocoon surround-
ing the advancing jet. The unshocked jet moving with
Γj ≫ 1 is now constrained in the transverse direction by
the pressure of the cocoon, so that it gets collimated and
becomes more penetrating. The opening angle θ of the
unshocked jet is determined by the balance between the
pressure of the unshocked jet in the transverse direction
and that of the cocoon.
The energy stored in the cocoon is roughly Ec ≃ Lj(t−
r/c) when the sub-relativistic jet reaches radius r after a





r⊥ = v⊥t is the transverse size of the cocoon (Matzner
2003). Since the cocoon pressure is much larger than that
of the stellar material, the transverse expansion velocity
v⊥ of the cocoon is given by the balance between the
cocoon pressure pc and the ram pressure of the stellar
material, i.e. v⊥ = (pc/ρ)












The pressure in the unshocked relativistic jet in the
transverse direction, from the relativistic Bernoulli equa-





j). As the internal en-
ergy gets converted into the kinetic energy of the jet, Γj
increases. Depending on whether the jet Lorentz fac-
tor saturates or not before the jet breaks out of the
star, there are two cases for the evolution of Γj: one
is Γj ∝ (rθj) = Γ0(r/r0)(θj/θ0) < η all along the path,
and the other is that Γj has reached its saturation value
4η at some radius inside the star. The latter case is more
easily satisfied when η is lower or the initial injection










0) Γj < η (Case I);
Lj/(6picr
2θ2j η
2) Γj = η (Case II)
(6)










For case I, with the parameters θ0 = 1, Γ0 = 1,
r0 = 10
7cm and the stellar density profile ρ =
1(r/1011cm)−3 gcm−3, the opening angle is
θj = 1.5× 10−3α1/7L1/14j,49 r−1/211 r4/70,7 , (8)
while for case II,
θj = 3× 10−3α1/3L1/6j,49r1/611 η−4/31 . (9)
Note that these values of the opening angles are the ones
at the jet breakout time, which are not the final val-
ues that we expect in the internal shock phase or in
the afterglow. After exiting the star, the hot jet is ex-
pected to expand freely to an opening angle comparable
to 1/Γbr ∼ 0.1, where Γbr is the Lorentz factor of the jet
at the breakout time.
With the above values of the opening angles, we can


























Here α is the integrating factor over r in Eq.(4). In
case I, since ρ ∝ r−3 starts roughly above r = 109cm,
below which the free fall density profile ρ ∝ r−3/2 may
apply (Me´sza´ros & Rees 2001), α = ln(r/109cm) ≃ 4 for
r = 1011cm. In case II, the integration over r in Eq.(4)
gives α = 3/2. Requiring that the breakout time tbr is

















For case I, the asymptotic Lorentz factor η is required to
be larger than Γbr = Γ0(rθj/r0θ0) ≃ 15. Therefore we
can see that in both cases, it is only when η & 10 that the
jet breakout time can be . 10 seconds, for a luminosity of
the order of Lj ∼ 1049ergs−1. This reflects the fact that
a lower Lorentz factor jet is less penetrating and needs a
longer time to break out of the stellar progenitor. This
shows that even the precursor jet should have a relatively
high Lorentz factor, although it need not be as large as
& 100 as in the case of the main burst.
4.2. Can the initial channel close up again?
After the weak jet breaks out, the cocoon material es-
capes too. There is now a wide funnel opened by the
weak jet and its accompanying cocoon along its path.
As evidenced by GRB050820A (Cenko et al. 2006), a
burst with precursor, the main burst jet is collimated to
θ ∼ 0.1, like other typical long bursts without precur-
sors. Since a closed channel is a necessary condition for
the main jet to be collimated, one may ask whether the
initial channel, made by the precursor jet, will have had
time to close again by the time that the main jet starts
to make its way out, ∼ 100 seconds later.
As the weak jet propagates outward, the cocoon pushes
the stellar material sideways. The opening angle of the
cocoon, which is also the funnel opening angle after the
cocoon flows out, is approximately given by









= αΓ−1br , (13)
where the last equality is obtained with the help of the
second line of Eq.(10). For Γbr ≃ 10, the cocoon opening
angle is about tens of degrees.
The cocoon can drive a transverse shock into the stellar
material along its passage, heating it up, so the pressure
of the shocked stellar material (pe ∼ ρv2⊥) is comparable
to that of the cocoon, i.e. pe ≃ pc. After the cocoon
flows out, this external stellar material will re-expand





pc/ρ = v⊥. (14)
This means that in a time comparable to the precursor
jet breakout time, the channel closes up again. From
Fig.5 of Lazzati (2005), it is known that the precursor
duration is always shorter than the gap period of time.
Therefore, we conclude that the channel opened by the
precursor jet is indeed closed again before the main jet
starts to propagate out.








For the C/O core material of the collapsed progenitor,
whose density is ρ ∼ 500gcm−3, its free-fall time is com-
parable to the ∼ 100 s gap period and therefore this ma-
terial will be essentially evacuated. However, for He core
material with ρ ∼ 1gcm−3, the free-fall time is much
longer than the gap period, and the funnel in this part
(aside from reclosing) remains almost the same as be-
fore the collapse, by the time that the main jet starts to
propagate out.
4.3. Transient thermal emission from the open funnel
The channel made by the initial precursor jet can,
while it is open, produce an interesting emission signa-
ture. As the cocoon expands transversely into the stellar
material, it will drive a shock. Due to the high optical
depth of the stellar envelope, this shock will transition
into a radiation-dominated one. From the energy density
of the radiation shock is equal to ρv2⊥ ∼ pc, we can get














where a is the Boltzmann energy density constant of ra-
diation. Before the channel closes up, it will emit a tran-
sient thermal pulse with photon energy kT ∼ 10KeV and
5a luminosity










Because this emission will vanish once the channel is
closed, it is expected to last for a time comparable to
the jet crossing time given by Eq.(10). This may pro-
duce a thermal precursor of ∼ 10 seconds long, besides
the emission component from the cocoon itself.
5. FORMATION MECHANISMS OF THE PRECURSOR JETS
How does the weak precursor jet form during the ini-
tial core collapse? There is a long-standing speculation
that when rotation and magnetic fields are taken into ac-
count, the core collapse of massive stars can lead to some
form of MHD outflows, although it is unknown whether
they can power supernovae or gamma-ray bursts (e.g.
LeBlance & Wilson 1970; Wheeler et al. 2000, 2002;
Metzger et al. 2007). Following Wheeler et al. (2000),
here we consider that a relatively weak jet of energy a few
times 1050erg is produced by a rotating proto-neutron
star during the initial core collapse phase. This is mo-
tivated by the consideration that the rotation energy of
a proto-neutron star with a radius of 50 km is suitable
for GRB precursor jets. Immediately after the core col-
lapse, a proto-neutron star (PNS) forms with a radius of
∼ 50km and mass ∼ 1.4M⊙. For a specific angular mo-
mentum of the progenitor core of j ≃ 1016cm−2s−1, the
angular rotation velocity of the PNS is Ω ≃ 400s−1, as-
suming angular momentum conservation. The rotation














Over a cooling time ∼ 5 − 10s, the hot proto-neutron
star deleptonizes by neutrino emission and contracts to
form the final neutron star. If a fraction, e.g. ∼ 10%
of the rotation energy is tapped by some MHD process
and converted into a relativistic outflow, this outflows
will have the right energy and timescale for GRB pre-
cursors. One possible scenario for this MHD process is
that the differentially rotating neutron star could wind
up the poloidal seed field inside the proto-neutron star
into strong toroidal fields, which then emerge from the
star through buoyancy (Kluz´nizk & Ruderman 1998; Dai
& Lu 1998; Dai et al. 2006). Once the field emerges
through the stellar surface, it will trigger an explosive
reconnection and release the magnetic energy resulting
in a high-entropy fireball. Assuming a critical field value
required for buoyancy of Bf ≃ 1015−1016G for the proto-
neutron stars (Wheeler et al. 2000, 2002), the number of
revolutions required is nf = Bf/2piB0 = 160Bf,16B
−1
0,13
where B0 is the magnetic field of the proto-neutron star.
The amplification timescale before the field is expelled by
buoyancy is thus τf ≃ nfPPNS ≃ 2.5Bf,16B−10,13s, where
PPNS is the spin period of the proto-neutron star.
Note that the infalling matter from the exterior of the
proto-neutron star is insufficient to suppress this buoyant
magnetic field pressure. The ram pressure at RPNS =











(Fryer 1999), which is much smaller than the magnetic
field pressure pB = B
2
f/8pi ≃ 4× 1030B2f,16ergs−1, where
vff = (2GM/RPNS)
1/2 is the free-fall velocity , M˙ is
the mass infalling rate in units of M⊙s
−1 and M0 is the
proto-neutron star mass. The infall rate of matter at
early times (the first 10 s) in the fallback collapsar is
uncertain, but as a rough estimate, the accretion rate (∼
0.001− 0.01M⊙s−1) during the fallback phase (the first
100 s) can be used (see Fig.5 of MacFadyen et al. 2001).
Since the ram pressure is proportional to R−5/2, even if a
magnetar could form after contraction, its activity would
be suppressed by the ram pressure of the infalling matter
due to its smaller size R.
Another jet formation mechanism which has been con-
sidered relies on the accreting matter onto the proto-
neutron star leading to neutrino emission, which might
also be able to power a weak jet along the rotation axis
via neutrino annihilation (Cheng & Dai 2001).
6. SUMMARY
We have shown that the long time (∼ 100 s) gap be-
tween the precursor and the main burst in some GRBs is
hard to interpret as the consequence of the propagation
of a (single) jet through the progenitor star. We have
argued that it may, instead, be attributed to the central
engine behavior. One natural scenario resulting in a 100
s delay is the fallback collapsar model (MacFadyen et al.
2001). We suggest that the initial precursor jet may arise
in an initial stage of the collapsed core, possibly related
to MHD processes or neutrino emission occurring in a
proto-neutron star. If the star is not immediately dis-
rupted, fallback material then leads to a black hole and
to an accretion disk around it which forms a stronger jet
leading to the main burst. We have calculated the cross-
ing time of the weak precursor jet and have shown that
the initial weak jet can break out of its progenitor in a
time less than ten seconds (which is a typical precursor
duration) provided that it has a relatively high relativis-
tic Lorentz factor Γ & 10. This is due to the fact that a
higher Lorentz factor jet is more penetrating. This weak
jet can produce non-thermal precursors through dissipa-
tion mechanisms such as internal shocks after it exits the
stellar progenitor. The channel opened by the precur-
sor jet along the rotation axis of the collapsar may also
produce a transient weak thermal precursor, before it is
closed by the re-expanding surrounding stellar material
heated by the expanding cocoon of the initial jet. This
allows the collimation required for the main jet, which
starts out after a typical fall-back timescale of ∼ 100
seconds to produce the main GRB.
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